Slow interaction of 5'-adenylyl-beta,gamma-imidodiphosphate with Escherichia coli DNA gyrase. Evidence for cooperativity in nucleotide binding.
We have examined the kinetics of interaction between Escherichia coli DNA gyrase and the nonhydrolyzable ATP analog 5'-adenylyl-beta,gamma-imidodiphosphate (ADPNP) in the presence and absence of ATP. In the absence of ATP, [alpha-32P]ADPNP binds extremely slowly to gyrase, with an apparent second-order rate constant (k1) of 120 M-1 min-1. Similarly, the limited negative supercoiling of closed-circular DNA caused by ADPNP binding is slow, requiring at least 2 h to reach completion in the presence of 100 microM ADPNP. A very slow but detectable rate of dissociation of ADPNP from gyrase was measured, with a rate constant of 3.5 x 10(-4) min-1. The calculated dissociation constant for ADPNP is thus 2.9 microM. ADPNP is a potent competitive inhibitor of ATP-dependent DNA supercoiling. Inhibition is established much more rapidly than can be accounted for by the slow rate of ADPNP binding in the absence of ATP. We have found that ATP can accelerate the rate of [32P]ADPNP binding by more than 15-fold (k1 = 1,850 M-1 min-1). The ATP-promoted rate enhancement requires the presence of DNA; in the absence of DNA, ATP has no effect on the rate of binding. Relaxed closed-circular, nicked-circular, and linear pBR322 DNA are all equally effective cofactors for ATP-stimulated binding of ADPNP. After a short lag, the presence of ATP also greatly speeds up ADPNP dissociation from gyrase bound initially to closed-circular DNA, with the restoration of DNA supercoiling activity. This effect is not observed in the presence of nicked-circular or linear DNA, suggesting that ADPNP dissociates more rapidly from gyrase bound to supercoiled DNA. The results of ADPNP binding provide evidence for cooperative interactions between the nucleotide binding sites. To account for these data, a model is proposed for the interaction of nucleotides at the two ATP binding sites on DNA gyrase.